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(54) Title: METHOD OF SEQUENCING DNA 
(57) Abstract 



lite present invention provides a 
method of identifying a base at a target 
position in a single-stranded sample 
DNA sequence wherein an extension 
primer, which hybridises to the sample 
DNA immediately adjacent to the target 
position is provided and the sample DNA 
and extension primer are subjected to a 
polymerase reaction in the presence of 
a deoxynucleotide or dideoxynucleotide 
whereby the deoxynucleotide or dideoxynu- 
cleotide will only become incorporated 
and release pyrophosphate (PPi) if it i s 
complementary to the base in the target 
position, any release of PPi being detected 
enzymically. different deoxynucleotides or 
dideoxynucleotides being added cither to 
separate aliquots of sample-primer mixture 
or successively to the same sample-primer 
mixture and subjected to the polymerase 
reaction to indicate which deoxynucleotide 
or dideoxynucleotide is incorporated 
characterised in that, the PPi-detection 
cnzyme(s) arc included in the polymerase 
reaction step and in that in place of dcoxy- 
or dideoxy adenosine triphosphate (ATP) 
a dATP or ddATP Analogue is used which 
is capable of acting as a substrate for a 
polymerase but incapable of acting as a 
substrate for a .said PPi-detection enzyme. 
'Jnc method of the invention advantageously 
continuous determination of the progress of the 
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Method of segx } * nr ^ n rnn 



n Ha ! h "/ nVentl ° n relates « a method of sequencing 
DMA. based on the detection of base incorporation by the 
release of pyrophosphate (PPi) . In particular, the 

invention relates to a "r^l him Q .i ' 

real-time" sequencing method. 

se ^""ng is an essential tool in molecular 

genetic analysis. The ability to determine DMA 

aTefforts* ^ ^~ta„t 

as efforts have commenced to determine the sequences of 

the large genomes of humans and other higher organisms. 
The two most commonly used methods for DMA sequencing 
are the enzymatic chain-termination method of Sanger and 
the chemical deavage technique of Maxam and Gilbert 
Both methods rely on gel electrophoresis to resolve ' 
according to their size. DHA fragments produced from a 
larger «A segment, since the electrophoresis step as 
well as the subsequent detection of the separated De- 
fragments are cumbersome procedures, a great effort has 
been made to automate these steps. However, despite the 
fact that automated electrophoresis units are 
commercially available, electrophoresis is not well 
suited for large-scale genome projects or clinical 
sequencing where relatively cost-effective units with 
high throughput are needed. Thus, the need for „o„- 

s vera7aT tiC ^ *™ — 

several alternative strategies have been described such 

s scanning tunnel electron microscopy , D riscoll ^2 

I""*' 2S4 - 296 >- -9—lng by hybridan 

(Bains 19ae , Theo E . ol i3 

s ngle molecule detection (Je ff ^ , l989 . Jj^ 

btruct. Dynamics, 7 t-„ 

^ ' ' JU1 J06 '' to overcome the 

disadvantages of electrophoresis. 

D N A h TeChniqUSS 6nablin 9 th * rapid detection of a single 
b3Se Chan9e - e ^o-ant tools for genetic 
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analysis. In many cases detection of a single base or a 
few bases would be a great help in genetic analysis 
since several genetic diseases and certain cancers are 
related to minor mutations. A mini -sequencing protocol 
based on a solid phase principle was described (Hultman, 
et al ., 1988, Nucl . Acid. Res . , 17, 4937-4946; Syvanen 
et al . . 1990, Genomics, 8, 684-692). The incorporation 
of a radiolabeled nucleotide was measured and used for 
analysis of the three -allelic polymorphism of the human 
apolipoprotein E gene. However, radioactive methods are 
not well suited for routine clinical applications and 
hence the development of a simple non- radioactive method 
for rapid DNA sequence analysis has also been of 
interest . 

Methods of sequencing based on the concept of 
detecting inorganic pyrophosphate (PPi) which is 
released during a polymerase reaction have been 
described {WO 93/23564 and WO 89/09283). As each 
nucleotide is added to a growing nucleic acid strand 
during a polymerase reaction, a pyrophosphate molecule 
is released. It has been- found that pyrophosphate 
released under these conditions can be detected 
enzymically e.g. by the generation of light in the 
lucif erase- luciferin reaction. Such methods enable a 
base to be identified in a target position and DNA to be 
sequenced simply and rapidly whilst avoiding the need 
for electrophoresis and the use of harmful radiolabels. 

However, the PPi -based sequencing methods mentioned 
above are not without drawbacks. Firstly, it has been 
found that dATP used in the sequencing reaction (chain 
extension) interferes in the subsequent lucif erase-based 
detection reaction, by acting as a substrate for the 
lucif erase enzyme. In many circumstances, this 
interference severely limits the utility of the method. 

Secondly whilst the PPi -based methods described 
above do represent an improvement in ease and speed of 
operation, there is still a need for improved methods of 
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sequencing which allow rapid detection provisiQn 
sequence information. m particular 

"real Hmo ., ^ Particular there is a need for 

real -tame- methods of sequencing which enable the 

sequence information to be rev#»i«rf 

i-o ue revealed simultaneously with 

:iac v t To; shortly after the s «*< — ™ y i::: h ' 

We now propose a novel modified PPi -based 
sequencing method in which these problems are addressed 
and which permits the sequencing reactions to be 
continuously monitored in real-time, with a sianal k • 
generated and detected « u signal being 

uecected, as each nucleotide is 
incorporated. This is achieved by using ^ 

wU„The'lu n f ^ ° f WhlCh *~ "* int ~*«* 

chain , era8e reaCti ° n ' and by Pennine, the 

■Ltect"o n " ^ "«^™ly by induding the 

detection enzyme," i„ the chain extension reactio! 
mixture. This represents a departure from , h 
ported in the Phased ^L^J^^T^ 

separately as a f lr st reaction step, followed by a 
separate -detection- reaction, in „ hich tne 

<.detectio„rrta r ; t s L b : sed — 

V.-tilYT**"*' PreSenC inve »«on thus provides 
a method of identifying a base at a target posit^I 
Single-stranded sample DNA sequence wherein » 7 " " 
primer, which hybridises to JL ™ er=ln an extension 

adjacent to the target ! , Sa '" P ^^"ely 
sample DHA and ext " """^ *" d «» 

polymerase reaction in ^ s ^ected to a 

r-^i 11 only be come incorporated anri 

release pyrophosphate (p P1) if it , ^ rated and 
the base in the taropr complementary to 

beino 9 Portion, any release of PPi 

oemg detected enzymicallv 

Vocally, different deoxynucleotides 
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or dideoxynucleotides being added either to separate 
aliquots of sample-primer mixture or successively to the 
same sample-primer mixture and subjected to the 
polymerase reaction to indicate which deoxynucleotide or 
dideoxynucleotide is incorporated, characterised in 
that, the PPi-detection enzyme (s) are included in the 
polymerase reaction step and in that in place of deoxy- 
or dideoxy adenosine triphosphate (ATP) a dATP or ddATP 
analogue is used which is capable of acting as a 
substrate for a polymerase but incapable of acting as a 
substrate for a said PPi -detection enzyme. 

The term dideoxynucleotide as used herein includes 
all 2 1 -deoxynucleotides in which the 3 ' -hydroxy 1 group 
is absent or modified and thus, while able to be added 
to the primer in the presence of the polymerase, is 
unable to enter into a subsequent polymerisation 
reaction. 

PPi can be determined by many different methods and 
a number of enzymatic methods have been described in the 
literature (Reeves et al . . (1969), Anal. Biochem. , 28, 
282-287; Guillory e^_al. , (1971), Anal. Biochem., 39, 
170-180; Johnson et al . . (1968), Anal. Biochem., 15, 
273; Cook al. , (1978), Anal. Biochem. 91, 557-565; 
and Drake et al . , (1979), Anal. Biochem. 94, 117-120). 

It is preferred to use luciferase and luciferin in 
combination to identify the release of pyrophosphate 
since the amount of light generated is substantially 
proportional to the amount of pyrophosphate released 
which, in turn, is directly proportional to the amount 
of base incorporated. The amount of light can readily 
be estimated by a suitable light sensitive device such 
as a luminometer. 

Lucif erin-lucif erase reactions to detect the 
release of PPi are well known in the art. In 
particular, a method for continuous monitoring of PPi 
release based on the enzymes ATP sulphurylase and 
luciferase has been developed by Nyren and Lundin (Anal . 
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Biochem., 151, 504-509, 1985) , 

/c^ . and termed ELIDA 

oe~;i L ~r c inor9anic 

USe ° f a — thermostable 1 ucif erase (KaT * 
1994, Biosci. Biotech Bio.ho '^yama ej^i. , 

method is based on the f n ' 11? °- 117l > • This 

asea on the following reactions: 

ATP sulphurylase 

PPi + APS 2- 

> ATP + SO, 

luciferase 

ATP + luciferin + o, --- 

2 > AMP + ppi + 

oxyluciferin + co 2 + hv 
(APS = adenosine 5 • -phosphosulphate) 

luciferase ? sul P hur ylase and 

detection reaction the r.»^ • * ° f an EL1DA 

reaction „a y thus nctae a "eT T ^ 
Ideoxy- or dideoxv) 7 ° ne nucl <">"de 

suphuryZase :n u y ll£™ r >:' h *». ATP 

P~ £ eraM y the nuclide. ^ «' -™ 

en 2ymes are al LA detection 

initiated, or they Zv J * \ tl ™ e the «=«ion is 

e ^ may be added wit-h hh. 
initiates the reaction reagent that 

Xhe present invention thus permits PPi release ^ 
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be detected during the polymerase reaction giving a 
real-time signal. The sequencing reactions may be 
continuously monitored in real-time. A procedure for 
rapid detection of PPi release is thus enabled by the 
present invention. The ELIDA rections have been 
estimated to take place in less than 2 seconds (Nyren 
and Lundin, supra) . The rate limiting step is the 
conversion of PPi to ATP by ATP sulphurylase , while the 
lucif erase reaction is fast and has been estimated to 
take lesn than 0.2 seconds. Incorporation rates for 
polymerases have also been estimated by various methods 
and it has been found, for example, that in the case of 
Klenow polymerase, complete incorporation of one base 
may take less than 0.5 seconds. Thus, the estimated 
total time for incorporation of one base and detection 
by ELIDA is approximately 3 seconds. It will be seen 
therefore that very fast reaction times are possible, 
enabling real-time detection. The reaction times could 
further be decreased by using a more thermostable 
lucif erase. 

A further feature of the invention is the use of a 
dATP or ddATP analogue which does not interfere in the 
enzymatic PPi detection reaction but which nonetheless 
may be normally incorporated into a growing DNA chain by 
a polymerase. By "normally incorporated" is meant that 
the nucleotide is incorporated with normal, proper base 
pairing. In the preferred enbodiment of the invention 
where lucif erase is the PPi detection enzyme, the 
preferred analogues for use according to the invention 
are the [1-thio] triphosphate (or a-thiotriphosphate) 
analogues of deoxy or dideoxy ATP, preferably 
deoxyadenosine [1-thio] triphospate, or deoxyadenosine 
a-thiotriphosphate (dATPaS) as it is also known. 
dATPaS, along with the a-thio analogues of dCTP, dGTP 
and dTTP, may be purchased from New England Nuclear 
Labs. As will be described in the Example below, 
experiments have shown that substituting dATP with 
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dATPcS allows efficient incorporation by the polymerase 
w-h a low background signal due t<> ^ 

interaction between dATPaS and luciferase. The signal 
to noise ratio is increased according to the present 
invention by using a nucleotide analogue in pLe of 
dATP whrch eliminates the background caused by the 
abil lt y of dATP to function as a substrate for 
luciferase. In particular, we have found that an 
efficient incorporation with the polype is achieved 

light by the luciferin-luciferase system resulting fro. 
interference is substantially decreased 

or . f r er \ ATP " PreSent " rea « iOT during 

3fter Chai " -"nsion. for example as an impurity or 
as a contaminant of dATP added as the source of the base 
to be incorporated, it will also interfere in the 
pyrophosphate luciferin system and give an incorrect 
luminescence reading. It my be advantageous 
therefore, to remove ATP from reagent solutions prior to 
addition to the reaction mix. This can be achieved by 

erts ATP into a product which is no longer a 
substrate for luciferase. Such enzymes include, in 
particular, apyrase which converts the ATP to AMP and 

zr b T es : £ phoBphace - The im ° biii - d Crty 

cnen be removed prior to cho «v,» y 
T , . p r to the chain extension/detection 

It as particularly convenient to use magnetic JT 
as Dynabeads® i an i* u ~ magnetic beads such 

Dynabeads (sold by Dyn al As , 0slOj 

-olid s due tQ fche 

be removed fro. contact with the solution using « 
-gnet. Generally, however sucn ATP removal steps ha 
not been found to be necessa™ » „ ■ P * 

invention. Pessary accordxng to the present 

thersh" 0rd6r t0 meth ° d Really and 

thereby sequence the sample DNA and, also to aid 

separation of the single stranded sample DNA f rom its 
complementary strand, it is desirable that 
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DNA is immobilised or provided with means for attachment 
to a solid support. Moreover, the amount of sample DNA 
available may be small and it may therefore be desirable 
to amplify the sample DNA before carrying out the method 
according to the invention. 

The sample DNA may be amplified, for example in 
vitro by PCR or Self Sustained Sequence Replication 
(3SR) or in vivo using a vector and, if desired, in 
vitro and in vivo amplification may be used in 
combination. Whichever method of amplification is used 
it is desirable that the amplified DNA becomes 
immobilised or is provided with means for attachment to 
a solid support. For example, a PCR primer may be 
immobilised or be provided with means for attachment to 
a solid support. Also, a vector may comprise means for 
attachment to a solid support adjacent the site of 
insertion of the sample DNA such that the amplified 
sample DNA and the means for attachment may be excised 
together . 

Immobilisation of the amplified DNA may take place 
as part of PCR .amplification itself, as where one or 
more primers are attached to a support, or alternatively 
one or more of the PCR primers may carry a functional 
group permitting subsequent immobilisation, eg. a biotin 
or thiol group. Immobilisation by the 5' end of a 
primer allows the strand of DNA emanating from that 
primer to be attached to a solid support and have its 3' 
end remote from the support and available for subsequent 
hybridisation with the extension primer and chain 
extension by polymerase. 

The solid support may coiyvl _j.ent ly take the form of 
microtitre wells, which are advantageously in the 
conventional 8 x 12 format, or dipsticks which may be 
made of polystyrene activated to bind the primer DNA (K 
Aimer, Doctoral Theses, Royal Institute of Technology, 
Stockholm, Sweden, 1988) . However, any solid support 
may conveniently be used including any of the vast 
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number described in the art, eg . for separation/ 
immobilisation reactions or solid phase assays. Thus 
the support may also comprise particles, fibres or ' 
capillaries made, for example, of agarose, cellulose 
alginate. Teflon or polystyrene. Magnetic particles 'eg 
the superparamagnetic beads produced by Dynal AS (Oslo 
Norway) are a preferred support since they^an 1 ' 
readily isolated from a reaction mixture yet have 
superior reaction kinetics over many other forms of 
support. Ui 

a, h T ° arry fun «i°nal groups such 

as hydroxy! carboxyl , aldehyde or amim 9 * "»* 

rr etlK ""* * S ""^ ~ ^P'avidin or che 

attachment of primers T h00 n 

by creatine thf * ^ 9eneral Prided 

by treating the support to provide a surface coating of 

a poller carrying one of such function*! groups, e g 
Polyurethane together with . poiy glycoa to p^ 6 ' 9 ' 
hydroxy groups, or a celluiose derivative to provide 
hydroxyl groups, a poly«r or copolymer of acryuTaL 
or .nethacryUc acid to provide carboxyl groups or a„ 
-moalxylated poller to provide a mi no groups. uS 
Patent »o. describes the introduction of l ny 

such surface coatings. y 

The assay technique is very simple and rapid thus 

Lre n Y 1 t a r :r • apparatus 

linT^ ° f SamPleS mr be "P^y analysed 

baaed on a iumnowtric reaction this can be easily 
followed spectrophotometry^ . Th e use of 
lummometers is well *n own in tne 

the literature Md desc "bed in 

automated approach for large-scale L T 
-id-phase seeing .J^ST-ST * 
continue™ measures of the progress of thT 
Polymerisation reaction with time . The ^ Qf ^ 
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invention also has the advantage that multiple samples 
may be handled in parallel. 

The target DNA may be cDNA synthesised from RNA in 
the sample and the method of the invention is thus 
applicable to diagnosis on the basis of characteristic 
RNA. Such preliminary synthesis can be carried out by a 
preliminary treatment with a reverse transcriptase, 
conveniently in the same system of buffers and bases of 
subsequent PCR steps if used. Since the PCR procedure 
requires heating to effect strand separation, the 
reverse transcriptase will be inactivated in the first 
PCR cycle. When mRNA is the sample nucleic acid, it may 
be advantageous to submit the initial sample, e.g. a 
serum sample, to treatment with an immobilised polydT 
oligonucleotide in order to retrieve all mRNA via the 
terminal polyA sequences thereof. Alternatively, a 
specific oligonucleotide sequence may be used to 
retrieve the RNA via a specific RNA sequence. The 
oligonucleotide can then serve as a primer for cDNA 
synthesis, as described in WO 89/0982. 

Advantageously, the extension primer is 
sufficiently large to provide appropriate hybridisation 
with the sequence immediately 5' of the target position, 
yet still reasonably short in order to avoid unnecessary 
chemical synthesis. It will be clear to persons skilled 
in the art that the size of the extension primer and the 
stability of hybridisation will be dependent to some 
degree on the ratio of A-T to C-G base pairings, since 
more hydrogen bonding is available in a C-G pairing. 
Also, the skilled person will consider the degree of 
homology between the extension primex _o other parts of 
the amplified sequence and choose the degree of 
stringency accordingly. Guidance for such routine 
experimentation can be found in the literature, for 
example, Molecular Cloning: a laboratory manual by 
Sambrook, J., Fritsch E.F. and Maniatis, T. (1989). If 
four aliquots are used, the extension primer is 
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-preferably added before the sample is divided into four 
aliquots although it may be added separately to each 
aliquot. it should be noted that the extension primer 
may be identical with the PGR primer but preferably it 
is different, to introduce a further element of 
specificity into the system. 

Alternatively, a primer with a phosphorylated 5'- 
end, containing a loop and annealing back on itself and 
the 3 • -end of the single stranded template can be used 
If the 3- -end of the template has the sequence region ' 
denoted T (template) . the primer has the following 
sequence starting from the 5'-end; P-L-P- -t- ,. where P is 
prxmer specific (5 to 30 nucleotides) , L is loop 
(preferably 4 to 10 nucleotides), p. is complementary to 
P (preferably 5 and 30 nucleotides) and T 1 is 
complementary to the template sequence in the 3 ■ -end (T) 
(at least 4 nucleotides), mis 'primer can then be 
lagated to the single stranded template using t4 DNA 
Ugase or a similar enzyme. This provides a covalent 
link between the template and the primer, thus avoiding 
the possibility that the hybridised primer is washed 
away during the protocol. 

The polymerase reaction in each aliquot in the 
presence of the extension primer and a deoxynucleotide 
xs carried out using a polymerase which will incorporate 
dadeoxynucleotides, e.g. T7... polymerase, Klenow or 
Sequenase Ver. 2.0 < US B U.S.A.). However, it is known 
that many polymerases have a proof-reading or error 
checking ability and that 3 • ends available for chain 
extensaon are sometimes digested by one or more 
nucleotides. if such digestion occur, the method 
according to the invention the level of background noise 
increases In order to avQid this p a o se 

reading polymerase, eg. exonuclease deficient (ex!") 
Klenow polymerase may be used. Otherwise it is 
desirable to add to each aliquot fluoride ions or 
nucleotide monophosphates which suppress 3- digestion by 
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polymerase . 

In the method of the invention it is preferred to 
use a DNA polymerase with high efficiency in each 
extension step due to the rapid increase of background 
signal which may take place if templates which are not 
fully extended accumulate. A high fidelity in each step 
is also desired, which can be achieved by using 
polymerases with exonuclease activity. However, this 
has the disadvantage mentioned above that primer 
degradation can be obtained. Although the exonuclease 
activity of the Klenow polymerase is low, we have found 
that the 3 1 end of the primer was degraded with longer 
incubations in the absence of nucleotides. An induced- 
fit binding mechanism in the polymerisation step selects 
very efficiently for binding of the correct dNTP with a 
net contribution towards fidelity of 1Q 5 -10 6 . 
Exonuclease -def icient polymerases, such as (exo~) Klenow 
or Sequenase 2.0, catalysed incorporation of a 
nucleotide which was only observed when the 
complementary dNTP was present, confirming a high 
fidelity of these enzymes even in the absence of proof- 
reading exonuclease activity. The main advantage of 
using (exo") Klenow DNA polymerase over Sequenase 2.0 is 
its lower Km for nucleotides, allowing a high rate of 
nucleotide incorporation even at low nucleotide 
concentrations. It is also possible to replace all 
dNTPs with nucleotide analogues or non-natural 
nucleotides such as dNTPaS, and such analogues may be 
preferable for use with a DNA polymerase having 
exonuclease activity. 

In many diagnostic applications, lu. example 
genetic testing for carriers of inherited disease, the 
sample will contain heterozygous material, that is half 
the DNA will have one nucleotide at the target position 
and the other half will have another nucleotide. Thus 
if four aliquots are used in a preferred method 
according to the invention, two will show a negative 
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signal and two will show half the positive signal It 
will be seen therefore that it is desirable 
quantitatively to determine the amount of signal 
detected in each sample. Also, it will be appreciated 
that if two or more of the same base are adjacent the 
3- -end of the primer a larger signal will be produced. 
In the case of a homozygous sample it will be clear that 
there will be three negative and one positive signal 
when the same is in four aliquots. 

It will be appreciated that when the target base 
immediately 3 • - of the primer has an identical base 3- 
thereto, and the polymerisation is effected with a 
deoxynucleotide (rather than a dideoxynucleotide) the 
extension reaction will add two bases at the same time 
and indeed any sequence of successive identical bases in 
the sample will lead to simultaneous incorporation of 
corresponding bases into the primer. However, the 
amount of pyrophosphate liberated will clearly be 
proportional to the number of incorporated bases so that 
there is no difficulty in detecting such repetitions 

Since the primer is- extended by a single base by 
the procedure described above (or a sequence of 
identical bases) , the extended primer can serve in 
exactly the same way i„ a repeated procedure to 
determine the next base in the sequence, thus permitting 
the whole sample to be sequenced. Immobilisation of th! 
sample and hybridised primer pewits washing to separate 
unwanted deoxynucleotides before proceeding^ the^t 

The present invention provides two o-Jnc±pal 
methods of sequencing immobilised DNA. 

A- The invention provides a first method of seauencino 
sample DNA wherein sequencing 
P una wherein the sample DNA is subjected to 

amplication; the amplified DNA is immo bili S ed and t-h 

sti:r::i to strand separation - ^ — ^ 

strand being removed and an extension primer is 
Provided, which primer hybridises to the immobilised DNA 
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immediately adjacent that portion of the DNA to be 
sequenced; each of four aliquots of the immobilised 
single stranded DNA is then subjected to a polymerase 
reaction in the presence of a deoxynucleotide, each 
aliquot using a different deoxynucleotide whereby only 
the deoxynucleotide complementary to the base in the 
target position becomes incorporated; pyrophosphate 
released by base incorporation being identified; the 
immobilised sample and primer then being separated from 
the reaction solution and the incorporated base added to 
the unreacted aliquots of sample/primer under 
polymerising conditions to extend the primer in all the 
aliquots by the said incorporated base and the 
immobilised sample/primer then being separated from the 
reaction solution, the process being repeated to 
sequence the sample DNA. 

B. The invention also provides a second method of 
sequencing sample DNA wherein the sample DNA is 
subjected to amplification; the amplified DNA is 
immobilised and then subjected to strand separation, the 
non- immobilised strand being removed and an extension 
primer is provided, which primer hybridises to the 
immobilised DNA immediately adjacent that portion of the 
DNA to be sequenced; immobilised single stranded DNA is 
then subjected to a polymerase reaction in the presence 
of a first deoxynucleotide, and the extent of 
pyrophosphate release is determined, where necessary the 
immobilised sample and primer being separated from the 
reaction mixture and the reaction being repeated by 
successive addition of a second, third and fourth 
deoxynucleotide until a positive release of 
pyrophosphate indicates incorporation of a particular 
deoxynucleotide into the primer, whereupon the procedure 
is repeated to extend the primer one base at a time and 
to determine the base which is immediately 3 ■ - of the 
extended primer at each stage. 

An alternative format for the analysis is to use an 
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array format wherein samples are distribute(j ^ 
surface, for example a microf ebricated chip, and thereby 
an ordered set of samples may be immobilized in a 2 
cUmensional format. M any samples th 
analysed in parallel. Using the method of the 
indention, many immobilized templates may be analv»»H • 
this was by allowing the solution containing T 
and one nucleotide to flow over the s^rfa 'a thT^ 
detecting the signal prc duced £or eaoh ^ ^ 
procedure can then be repeated. Alternatively several 
deferent oUgonucleotides complementary to the llZZl 
-y be distributed over the surface foUowed by ^ " 
hybr^zation of the template. Incorporation of 
deoxynucleotides or dideoxynucleotides mav h= 
for each oligonucleotide by the signal Z^el™ 
the various oligonucleotides as primer bv comh 
th. signals from different area/of tne surfaT ^ 
seguence-based analyses may be performed by f our cyclM 
of polymerase reactions using the various CVCleS 
aideoxynucleo tides . 

Two-stage PCR (using nested primers) , as described 
an our co-pending application WO90/H369 'Z * ^ 
enhance the sianal «-o ™- s °/"369. may be used to 

th. «, S€ rati ° and thereby increase 

the sensitivity of the method according to the 
invention B y such preli m i„ ary amplification ^ 
concentration of target DNA is greatly increased >h 
aspect to other DNA which may be present" th 
and a second-stage amolif™ P res ent m the sample 

96 an 5>l "ication with at least Qno 
primer specific to * A-tr* sc one 

DNA sia-f V dlfferenC 8e ^ence of the target 

significantly enhances the signal du* ► , u 
»* relative to the -background Zsl ' ^ 

Regardless of whether one-stage or two 
P-formed, the efficiency D f the PCR Z ^ ** 

;~— 

^ove. it is preferred to run an ^l LT f ^ 
DIANA aq ^ _l . _ initlaI qualitative 

ANA as a check for the presence or absence of 
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amplified DNA. 

Any suitable polymerase may be used, although it is 
preferred to use a thermophilic enzyme such as Taq 
polymerase to permit the repeated temperature cycling 
without having to add further polymerase, e.g. Klenow 
fragfhent, in each cycle of PCR. 

PCR has been discussed above as a preferred method 
of initially amplifying target DNA although the skilled 
person will appreciate that other methods may be used 
instead of in combination with PCR. A recent 
development in amplification techniques which does not 
require temperature cycling or use of a thermostable 
polymerase is Self Sustained Sequence Replication (3SR) . 
3SR is modelled on retroviral replication and may be 
used for amplification (see for example Gingeras, T.R. 
et al PNAS (USA) fi7: 1874 -1878 and Gingeras, T.R. et al 
PCR Methods and Applications Vol. 1, pp 25-33) . 

As indicated above, the method can be applied to 
identifying the release of pyrophosphate when 
dideoxynucleotide residues are incorporated into the end 
of a DNA chain. W093/23562 relates to a method of 
identification of the base in a single target position 
in a DNA sequence (mini -sequencing) wherein sample DNA 
is subjected to amplif ication; the amplified DNA is 
immobilised and then subjected to strand separation, the 
non- immobilised strand being removed and an extension 
primer, which hybridises to the immobilised DNA 
immediately adjacent to the target position, is 
provided; each of four aliquots of the immobilised 
single stranded DNA is then subjected to a polympr?se 
reaction in the presence of a dideoxynucleotide, each 
aliquot using a different dideoxynucleotide whereby only 
the dideoxynucleotide complementary to the base in the 
target position becomes incorporated; the four aliquots 
are then subjected to extension in the presence of all 
four deoxynucleo tides, whereby in each aliquot the DNA 
which has not reacted with the dideoxynucleotide is 
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extended to form double stranded DNA while th- 

locked DNA remaps as single str^^'Tj^V 

identification of the double stranded an T/or L nqle 

- - -in -inat^ 

md.cate which base was incorporated but the relat , 
large amount of pyrophosphate released in th 
deoxynucleotide primer extension "actionsT 
chase reactions) gives a much Urg" s^l 7 
more sensitive. 9 and 18 thus 

It will usually be desirable to run . 

- did eo XynuclTOtides and . , 2ero e n ™ : :: n n t t :° i ." ith 

fixture of al! four dideoxynucleotidee = 

However i f m , , er cl »in extension. 

f° e > «» by unbloc^ng Tt„e 3 D " V**" 

»ith a stance of identical base " hlCh ariaM 
Thus, the «thods A and B r^eTto \b ™ ^ 
modified whereby the base added at ^f^L™" 
protected 2 • -deoxynucleotide and after the! "/ 
added (and the 1 i„h r e base nas been 

no the light enussion detected), the 3' hi~ u ■ 
9ro U p is removed to permit , further 3 -locking 
deoxynucleotide to be added Suitahi " Pr ° teCted " ^ 
include acyl gi- OU ps such „ f ^TT' ™ 
« indeed any hydroxyl protecting grips tao^n T 
art. for example as described in \UZl , * 
Organic Chemistry, JP w Mc0nie " Pr ° Cect "e Groups in 
Th. "come. Plenum Press, 1973 

The invention, i„ the above embodiment „ ., 
simple and rapid method for dececticTT ^ * 

or aetection of single base 
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changes. In a preferred format it successfully combines 
two techniques: solid-phase technology (DNA bound to 
magnetic beads) and an Enzymic Luminometric Detection 
Assay (ELIDA) . The method can be used to both identify 
and quantitate selectively amplified DNA fragments. It 
can also be used for detection of single base 
substitutions and for estimation of the heterozygosity 
index for an amplified polymorphic gene fragment. This 
means that the method can be used to screen for rare 
point mutations responsible for both acquired and 
inherited diseases, identify DNA polymorphisms, and even 
differentiate between drug -resistant and drug -sensitive 
strains of viruses or bacteria without the need for 
centrifugations, filtrations, extractions or 
electrophoresis. The simplicity of the method renders 
it suitable for many medical (routine analysis in a wide 
range of inherited disorders) and commercial 
applications . 

The positive experimental results presented below 
clearly show the method is applicable to an on-line 
automatic non- elect rophoretic solid phase DNA sequencing 
approach, with step- wise incorporation of single 
deoxynucleotides. After amplification, immobilization 
on magnetic beads, melting to yield single -stranded DNA 
and annealing of the primer, the template/primer- 
fragment is used in a repeated cycle of dNTP incubation 
and washing, Samples are continuously monitored in the 
ELIDA. As the synthesis of DNA is accompanied by 
release of inorganic pyrophosphate (PPi) in an amount 
equal to the amount of nucleotide incorporated, signals 
in the ELIDA are observed only when complementary bases 
are incorporated. Due to the ability of the method to 
determine PPi quantitatively, it is possible to 
distinguish incorporation of a single base from two or 
several simultaneous incorporations. Since the DNA 
template is preferably obtained by PCR, it is relatively 
straight forward to increase the amount, of DNA needed 
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for such an assay. 

As mentioned above our results open the possibility 
for . novel approach for large-scale non-electrophoretil 
soUd phase DNA sequencing, which a n ows £or 
detection of the progress of the polarisation 
reaction with time. For the success of such an Approach 
there ls a need for high efficiency of the DMA 
polymerase due to rh*> • 

sicmal if. , P lncrease ° f background 

sagnal a f templates accumulate which are not -in phase- 

sta e ndT/ PPr ° aCh *"* - compared to " 

standard sequencing methods. Firstly, the method is 

suitab e for handling of multipie sables in paralle! 

Secondly reiatively cost-effective instruments can be 

env^oned. In.addition. the method avoids the use of 

c^nTrni 3 .^ chereby the ioadi - - 

Advantageously, the method according to the present 
invention may be combined with the methol taught Z 
■0.3/23.S3 which uses PC* to introduce loop statures 

t^ p r? e a ~— •««*- 3. prL:™ : h : 3 . 

terminal of a DMA . J 

a una strand, of interest. For examnl* 

such a modified method, the extension primer" 
introduced as part of the 3. -terminal loop structure 

WA wnicn contains the tarqet nosit-s,-^ 
M „ , yec Position, said taroet 

and 9 ::: T in9 a re9i ° n * * -««-«. th ii t 

and there be lng optionally a DNA region B which extends 

ub TZZZZf whereby said d — - T 

]ected to polymerase chain reaction (PCR) 
amp ification using a first primer hybridising to the 
3 -terminus of the sequence complementary to the t»T , 
sequence, which first primer is immobilized o ™T 
»«h means for attachment Co a solid export and a 
second primer having a 3. -terminal sequZce which 

tl t s t0 3t leaEC 3 P °" i0n ° £ * — /« B of the 
target sequence while having at its 5' „ ri „ 

substantially identical to I sain all T 

A/ said amplification 



WO 98/13523 



PCT/GB97/D2631 



- 20 - 

producing double- stranded target DNA having at the 3'- 
end of the target sequence, in the following order, the 
region A, a region capable of forming a loop and a 
sequence A* complementary to sequence A, whereafter the 
amplified double- stranded DNA is subjected in 
immobilised form to strand separation whereby the non- 
immobilised target strand is liberated and region A * is 
permitted or caused to hybridise to region A, thereby 
forming said loop. The 3' end of region A 1 hybridises 
immediately adjacent the target position. The dideoxy 
and/or extension reactions use the hybridised portion as 
a primer. Experiments using this principle have been 
performed successfully, as illustrated in the Examples 
herein. 

The invention also comprises kits for use in 
methods of the invention which will normally include at 
least the following components: 

(a) a test specific primer which hybridises to sample 
DNA so that the target position is directly 
adjacent to the 3* end of the primer; 

(b) a polymerase; 

(c) detection enzyme means for identifying 
pyrophosphate release; 

(d) deoxynucleotides including, in place of dATP, a 
dATP analogue which is capable of acting as a 
substrate for a polymerase but incapable of acting 
as a substrate for a said PPi -detection enzyme; 
and 

(e) optionally dideoxynucleot ides , optionally ddATP 
being replaced by a ddATP analogue which is 
capable of acting as a substrate for a polymerase 
but incapable of acting as a substrate for a said 



WO 98/13523 

PCT/GB97/02631 

- 21 - 
PPi -detection enzyme. 

If the kit is for use with initial PC R 
least the following components .- 



(i) 



(ii) 



a Pair of pr i mers for PCR , at ^ ^ 

hav in g means permitting immobilisation of said 
primer; u 

a polymerase which is preferably heat stable for 
example Taqi polymerase; 



(iii) buffers for the PCR reaction; and 

(iv) deoxynucleotides . 

Where an enzyme label is used to evaluate PCR fh 
will advantageously contain a substrate for t he 

~ ° ther <*™- of a detection system 
The xnvention will „ ow be deecrlbe(J f 

non-luting ^le „ ith reference ^ ^/^/in 

tl_ ST^ " 3 SChem " ic "Presentation of the rea!- 
time DBA se<jue„ci„ 9 method. The four different 

nucleotides are added stepwise to th ! 

. , °^pwise to the xnunobiliseri 

template hybridised to a primex -. The pp . . 
the DNA polymerase catalysed react- re ^ased an 

the ATP sulfurylase and ^ £ .^ * 
The height of th~ «,• v 3SS cat alysed reactions. 

of basell h hav TZ n IIT^^ ^ ' 

— n a „aahin g — 

repeated in a cycle 3 nrt ,u teps are 

<-ycie and the sequence of i-h D 
deduced; the template is 

£i3U£e_2 shows the effect of dATP an n ^™ 
lucif erase reaction o i , dATPaS ° n the 

were added as TnZzJ d a ~ 8 rim °^ ™ 

indxcatsd and the luminescence output was 
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detected; 

Figure 3 shows the extent of PPi synthesis as a 
function of template concentration. Three pmol (exo~) 
Kl enow were incubated with 1 or 2 pmol E3PN/NUSPT as 
indicated. The reactions were started by the addition 
of 4 0 pmol dCTP. The PPi released were detected by the 
ELIDA; 

Figure 4 shows real-time detection of one base 
incorporation on three different templates 1.5 pmol 

indicated templates were incubated with 3 pmol of 
(exo~) Klenow. The reactions were started by addition of 
4 0 pmol of the indicated deoxynucleotide and the PPi 
released were detected by the ELIDA; 

Figure 5 shows real-time DNA sequencing performed 
on 291 -base- long PCR-generated single- stranded template 
immobilised on streptavidin coated paramagnetic beads. 
About 1 pmol of the template/primer (NUSPT ) was 
incubated with 3 pmol (exo") Klenow. The reaction was 
started by the addition of 4 0 pmol of the indicated 
deoxynucleotide and the PPi released were detected by 
the ELIDA. Between each nucleotide addition the beads 
were washed. The given ELIDA signals are compensated 
for the 1 oss of beads during the washing procedures . 
The DNA-sequence after the primer, as confirmed by semi- 
automated solid-phase DNA-sequencing, is inserted in the 
f igure ; 

Figure $ shows a schematic representation of using 
PCR to generate a loop-structure with one of the primers 
biotinylated. The PCR-product is immobilised and the 
non-biotinylated strand is eluted with alkali. The 
oiotinylated strand is allowed to hybridise to form a 
loop- structure . The loop-structure was used as a 
template for real-time DNA sequencing as illustrated in 
Figure 1 and described in Example l; 

Figure I shows real-time DNA sequencing performed 
on a PCR-generated loop-structure immobilised on 
streptavidin-coated paramagnetic beads. About 2 pmol of 
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the template was incubated with t i , 

Polymerase. Tto^inJZVjTlV" 0 '' 

40 pmol of the indicated / * addition of 

released ! lndlcated deoxynucleotide and the P Pi 

released was detected by the ELIDA Th* i 

is designed to allow the addition of l0 ° P - Stru — . 

3 '-end during the PCR reaction * A at the 

termxnal transferase activity and adT 

tenpaate dependent A at the I^d ^ 

Eiam^a shows a schematic drawana of ^ 
-ang a primer hybridised to a DNA fral ent 
onto a streptavidin-coated «pil^ lmm ° bilis ^ 

EXAMPLR 1 

MATERIALS AND METHODS 

Synt hesis an^i n in - fi ; . ■ . 

The olagonucleotidesl^^neT^^ 
5 ' CGACC3ATCTGAGGTCATAGCT- 

GTTTCCTGTGTGAACTGGCCGTCGTTTTACAACG3 • , M 

AACGACGGCCAGT3 ' ) , RIT 203 ( 5 . >' MDS W (5'CTAA- 

51321 „ ere synch „ i ., ri . „ * Clde Res - 18, 5107- 
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In vitro amplification and template preparation 

PCT reactions were performed on the multi linker of 
plasmid pRIT 28 with 7.5 pmol of general primers, RIT 28 
and RIT 29 according to Hultman et al . (Supra) . The PCR 
products were immobilised onto streptavidin-coated super 
paramagnetic beads Dynabeads™ M280-Streptavidin, or 
M450-Streptavidin (Dynal A.S., Oslo, Norway). 
Production of single-stranded DNA and hybridisation to 
sequencing primers was carried out as described earlier 
(Nyren, P., Pettersson, B., and Uhlen, M. (1993) Anal. 
Biochem. 208, 171-175) . 

Real-time DNA sequencing 

The oligonucleotide E3PN and the above described 
PCR product were used as templates for real-time DNA 
sequencing. The oligonucleotide E3PN was immobilised 
onto streptavidin-coated super paramagnetic beads 
(Dynabeads™ M280-Streptavidin or M450-Streptavidin) as 
described above, and a primer was hybridised to the 
immobilised template. The immobilised DNA- fragments 
were incubated with either a modified T7 DNA polymerase 
(Sequenase 2.0; U.S. Biochemical, Cleveland, OH, USA), 
Klenow DNA polymerase (Pharmacia, Biotech, Uppsala, 
Sweden) , or exonuclease deficient (exo-) Klenow DNA 
polymerase (Amersham, UK) . The sequencing procedure was 
carried out by stepwise elongation of the primer strand 
upon sequential addition of the different 
deoxynucleoside triphosphates (Pharmacia, Biotech, 
Uppsala, Sweden) . Washing of the immobilised DNA 
fragments between each nucleotide addition was performed 
in cwo steps: first with a buffer containing 10 mM 
Tris-HCl (pH 7.5), 0.25 M NaCl , 0.1% Tween 20, and then 
with 10 mM Tris-acetate (pH 7.5). The PPi released due 
to nucleotide incorporation was detected by the ELIDA 
(Nyren, P. (1987) Anal. Biochem. 167, 235-238). The 
luminescence was measured using an LKB 1250 luminometer 
connected to a potentiometric recorder. The luminometer 
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was calibrated to give a response of 10 mV for the 
internal light standard. The luminescence output was 
calibrated by the addition of a known amount of ATP or 
PP. The standard assay volume was 0.2 ml and contained 
the following components.- 0.1 m Tris-acetate < pH 7 75) 
. 2 mM EDTA, 10 mM magnesium acetate, 0.!% bovine serum 
albumin, i mM dithiothreitol , 5 adenosine 5'- 

^TnnnT^ ^ ' °'* ^^Py-olidone 
(360 000 , 100 , g/m l D -i uciferin (Bio0rMt/ p 

/zg/ml L-luciferin (BioOrbit, Finland), 0.3 UM ATP 
sulfurylase (ATP: sulfate adenylyl transferase- EC 
2-7.7.4) ( Sigraa Chemical Co., St . Louis, MO, USA) 

purified luciferase (Sigma Chemical Co., at. Louis, MO 
USA) ln an amount g . v . ng a Qf ^ ^ ^ ^ . 

ATP one pmol of the immobilised DNA- fragment , and 3 
pmol DNA polymerase were added to the solution described 
above The sequencing reaction was started by adding 40 
Pmol of one of the nucleotides (Pharmacia, BiLch 
Uppsala, Sweden). The reaction was carried out at 'room 
temperature. when the effect of dATP and dATPaS on the 
luciferase reaction was studied both APS and ATP 
sulfurylase were omitted from the assay. 

The sequence data obtained from the real-time DNA- 
sequencmg.was confirmed by semi -automated solid-phase 

n. U991) BioTechniques 10, 84-93). 

RESULTS 

PrAprip^ of th * aof T11 __ ina 

The principle of the sequencing me thod i s 
illustrated in Fig. x . A specific DNA . fragment 

nt6reSt 13 i—bili-ed onto a solid support " ( . I bv 

^^^2;r^ ^ ^^nveted 
9ie stranded form. A sequencing pr i mer is 
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hybridised to the single- stranded DNA, and a repeated 
cycle of deoxynucleotide incubation and washing is 
performed. The synthesis of DNA is accompanied by 
release of PPi equal in molarity to that of the 
incorporated nucleotide. Thereby, real-time signals are 
obtained by the ELIDA only when complementary bases are 
incorporated. In the ELIDA the produced PPi is 
converted to ATP by ATP sulfurylase and the amount of 
ATP is then determined by the lucif erase assay (Fig. 1) 
From the ELIDA results the sequence after the primer is 
deduced . 



Effect of dATP and dATPaS on the ]i.Hf P r aeo pyr»— 

We have observed that dATP interfered with the 
detection system of the luciferase luminescence assay 
described by Nyren et al (Supra). This interference is 
a major problem when the method 'is used to detect a 
single-base incorporation event. Several approaches to 
decrease this background activity were tested (data not 
shown) and among those the largest positive effect was 
achieved by replacing the -natural dATP with dATPaS . 
Fig. 2 shows the results of using dATP and dATPaS during 
the luciferase assay. An addition of 0 . 1 nmol dATP 
induced an instantaneous increase in the light emission 
followed by a slow decrease until it reached a steady- 
state level. The steady-state level increase in light 
emission after adding dATP corresponds to 1-2% of the 
emission from an equivalent addition of ATP. This 
effect of dATP makes it impossible to start a sequencing 
reaction by adding dATP; the reaction must instead be 
started oy addition of DNA polymerase. The signal-to- 
noise ratio will also become higher for dATP compared to 
the other nucleotides. On the other hand, addition of 8 
nmol dATPaS (80-fold higher amount than dATP) had only a 
minor effect on the luciferase (Fig. 2). From Fig. 2 it 
can be deduced that dATPaS is less than 0.05% as 
effective as dATP as a substrate for luciferase. 
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According to these results there i. therefor a great 
advantage to using dATPas instead of dATP, together with 
a DNA polymerase that accepts this nucleotide 

several different parameters were optimised in a 
model system using two different synthetic DNA 
templates. To simplify sequencing of several bases the 
» was mobilised on a solid-phase. Here we 
two types of streptavidin-coated super paramagnetic 
beads from Dynai, „ 280 and M450 . Both types „f beads 
have a high binding capacity. We found ttat the T 

b-s allow . faster „ aehing pi j2:;: 'j^- 

therr hl gher sedimentation rate (data not shown, T e 
e imrnate blunt-end DNA polymerase activity (Cla* J K 
(1991) Gene, 104, 75-aoi ™. j.m. 

J ' se< ^ ence Primers annealing at 

event i shown for l^^^^T 
pr.mer/template. The reactions were started by addition 
of the next correct base (dCTP, and the traces show the 
release of PPi during the incorporation of the basT 1 

was added ,data not shown) . m the subsequent 
experiments 1 pmol of primer/template was used and the 
relevant signal, difference was recorded (Pig 3 ? fTh 
the initial rate and the extent of P Pi f^ % t ™ 

for the assav is ,nn 7~ ' he Upper limit 

«d Lund.,. A. (1985) Anal. Biochem. 151 504 509)' L 

lower i imit is mainly determined ; ol ^; 509, H The 

..on of P Pi and ATP J^^T- ^ 



neraa^ cnnrp 



in the next series of experiments the effect of 
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polymerase concentration on the sequencing procedure was 
studied. We found that it was important to use an 
excess of polymerase over primer/template to be sure 
that all free 3 1 ends were extended. At lower 
polymerase concentrations biphasic kinetics (a fast 
phase followed by a slower phase) was observed (data not 
shown) . The amplitude of the fast phase is 
stoichiometric with the amount of enzyme present, and 
the slow phase is the same as the rate of steady- state 
incorporation. The rate limiting steps for the slow 
phase are the dissociation of the polymerase from the 
extended primer/template and the subsequent binding to a 
not-extended primer/template. The incorporation rate as 
a function of nucleotide concentration was also studied. 
We observed a Km, for one base incorporation, of 0.2 and 
0.4 fiM for Klenow and Sequenase 2.0, respectively (not 
shown). The latter results are 'in accordance with data 
from the literature (Van Draanen, N.A., Tucker, S.C., 
Boyd, F.L., Trotter, B.W., and Reardon, J.E. (1992) J. 
Biol. Chem. 267, 25019-25024). 

Real-time DMA sequencing 

Different synthetic templates as well as a PCR 
product were sequenced in order to investigate the 
feasibility of the new approach. Extension of one base 
on three different primer/ templates are shown in Fig. 4. 
Both the rate and extent (slope and height of the 
signals) of nucleotide incorporation were similar for 
all three types of templates tested. In Fig. 5 real- 
time DNA sequencing of 15 bases of a 291 -base- long 
single-stranded PCR product is shown. The sequencing 
procedure was started by addition of dATPaS . No PPi 
release due to base incorporation was detected in the 
ELIDA. The small signal observed is due to PPi 
contamination in the nucleotide solution. After a 
washing step, dGTP was added; a signal corresponding to 
incorporation of one residue was observed. The next 
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base added was dCTP; a signal corresponding to 
incorporation of two identical residues was now 
detected. The subsequent addition of dTTP gave no 
signal. Thereafter, dATP aS was added again. Thxstime 
the incorporation of two identical residues was noted. 
The latter detected incorporation confirmed earlier 
observations (Vosberg. H.P., and Eckstein, f. (1977) 
Biochemistry 16 , 3S33-3640) that dATPaS is efficiently 
incorporated into the primer/template by Klenow 
polyrnerase. A signal corresponding to incorporation of 
one residue was obtained after the next addition which 
~ dGTP. By continuing this cyclic procedure further 
-formation about .the sequence was obtained. r Is 
-portant to note that enough nucleotides must be added 
to allow longer extensions when there is a stretch of 
xdentxcal residues. The sequencing procedures Ire 
repeated several times on the same template with the 
same result. The decrease in signal due to loss and 
aggregation of beads during the washing procedure 
(measured by the decrease in optical density) has been 
compensated for in Fia 5 Tho i 

M . c . . J tlg ' 5 - The !°ss was lower for the 

M450 beads than for the M280. The obtain^ 
confix,* u obtained sequence was 

confirmed by semi -automated solid-phase Sanger 
sequencing (data not shown) . 



example p 

MATER TA],fi flfjn Mrrunpo 



preparation of i-^ r1pr ~ ^ 

The oligonucleotides RIT 203 and RTT Ma , 
as described in Ex a ™ni 4 { P re P a red 

ea in Example 1) were hybridised 1 ■ 

restricted plasnud pRir 2„ (Hal Cma n et al i 990 I, , 
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pRIT 28HP with 7.5 pmol of primer pairs, RIT 29/ROMO 
205S, 200 /iM dNTP, 20 mM Tris-HCl pH 8.7, 2 mM MgCl 2 , 
0.1% Tween 20 and 1 unit AmpliTaq DNA Polymerase (Perkin 
Elmer, Cetus, Emeryville, USA) making up a final volume 
of 50 pi. The temperature profile included a 15 seconds 
denaturation step at 95 °C and a 90 seconds annealing/ 
extension step at 72 °C. These steps were repeated 3 5 
times with a GeneAmp PCR System, 9600 (Perkin Elmer, 
Emeryville, USA) . The biotinylated PCR products were 
immobilised onto straptavidin-coated superparamagnetic 
beads (Dynabeads™ M280-Streptavidin, from Dynal A.S., 
Oslo, Norway) . The beads were used as described by the 
manufacturer (Dynal AS, Oslo, Noway) . Single- stranded 
DNA was obtained by removing the supernatant after 
incubation of the immobilised PCR product in 0.1 M NaOH 
for 5 minutes. The immobilised single- stranded DNA was 
washed first with lxTE (Tris-HCl 10 mM, ImM EDTA, pH 
7.5) and was hybridised at 65°C for 5 minutes in 20 mM 
Tris-HCl pH 7.5, 8mM MgCl 2 to make a loop- structure for 
real-time DNA sequencing. 



Rg^l-time DNA sequenci ng on lnop-strun^ ^? 

The prepared loop-structure immobilised on 
superparamagnetic beads was incubated with (exo~) Kler 
DNA polymerase. The sequencing procedure was carried 
out as described in Example 1. 



RESULTS 



The principle of generating a loop-structure as a 
template for use in real-time sequencing is shown in 
Figure 6. This method involves the use of only one 
biotinylated primer which is used to immobilise the 
hybridised product of amplification. The non- 
biotinylated strand is removed allowing formation of the 
loop-structure by hybridisation. The results of using 
the immobilised loop-structure are shown in Figure 7 f or 



WO 98/13523 



PCT/GB97/02631 



- 31 



12 subsequent sequencing cycles. By this method, the 
sequence of the first 10 bases adjacent to the loop- 
primer could be determined. 

Sequencing may be performed by using a capillary as 
a solid support and a schematic representation for the 
set-up using an immobilised DNA-fragment with hybridised 
primer (as in Example l) is shown in Fi gure 8 A 
similar set-up may be used for Mobilised DNA-fragment 
with loop-primer. 
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Claim? 

1. A method of identifying a base at a target position 
in a single-stranded sample DNA sequence wherein an 
extension primer, which hybridises to the sample DNA 
immediately adjacent to the target position is provided 
and the sample DNA and extension primer are subjected to 
a polymerase reaction in the presence of a 
deoxynucleotide or dideoxynucleotide whereby the 
deoxynucleotide or dideoxynucleotide will only become 
incorporated and release pyrophosphate (PPi) if it is 
complementary to the base in the target position, any 
release of PPi being detected enzymically, different 
deoxynucleotides or dideoxynucleotides being added 
either to separate aliquots of sample-primer mixture or 
successively to the same sample -primer mixture and 
subjected to the polymerase reaction to indicate which 
deoxynucleotide or dideoxynucleotide is incorporated, 
characterised in that, the PPi -detection enzyme (s) are 
included in the polymerase reaction step and in that in 
place of deoxy- or dideoxy adenosine triphosphate (ATP) 
a dATP or ddATP analogue is used which is capable of 
acting as a substrate for a polymerase but incapable of 
acting as a substrate for a said PPi -detection enzyme. 

2. A method as claimed in claim 1, wherein the release 
of PPi is detected by means of a lucif erase-lucif erin- 
based reaction. 

3. A method as claimed in claim 2, wherein PPi release 
is detected using tno enzymatic Luminometric Inorganic 
Pyrophosphate Detection Assay (ELIDA) . 

4. A method as claimed in any one of claims 1 to 3 
wherein the dATP or ddATP analogue is deoxyadenosine a- 
thiotriphosphate (dATPaS) . 
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A method as claimed in any one of claims 1 to 4 
further comprising the use of the a-thio analogues of 
dCTP, dGTP and dTTP. 



S. A method as claimed in any one of claims i to 5 
wherexn the sample DNA is xmmobilised or provided witt 
means for attachment to a solid support. 

7^ A method as claimed in any one of claims l to 6 
wherexn the sample DNA is first amplified. 

B. A method as claimed in any one of claims 1 to 7 
wher ein the extension contains a 

back on xtself and the 3- end of the sample DNA. 

9. A method as claimed in any one of claims 1 to 8 
wherexn the sample DNA is subjected to amplif ication [ 

tranT " ^ *' subjected "o 

strand separation, the non- immobilised strand being 

removed and an extension primer, which hybridises to the 
lm mobxlxsed DNA immediately adjacent to the target 
posxtxon, is provided; each of four aliguots of 9 ^ 
x^obxlxsed single stranded DNA is then subjected to a 
polymerase reaction in the presence of a 
dideoxynucleotide, each al iq uot using a different 
dxdeoxynucleotide whereby ..only the dideoxynucleotide 
complementary to the base in the tar „^ • ° tlde 

with the IT 9U ° t " MCh haS Mt 

with the d a deo*ynu c lec.^ iB exCended to 

single stranded DNA; followed by identify,,- 

b^f „!! ynUCle ° tide 1 ««POr.t«i and hence „ hich 

base „ as present in the targat posit ion 
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10. A kit for use in a method as defined in any one of 
claims 1 to 9, 

(a) a test specific primer which hybridises to sample 
DNA so that the target position is directly 
adjacent to the 3' end of the primer; 

(b) a polymerase; 

(c) detection enzyme means for identifying 
pyrophosphate release; 

(d) deoxynucleotides including, in place of dATP, a 
dATP analogue which is capable of acting as a 
substrate for a polymerase but incapable of acting 
as a substrate for a said PPi-detection enzyme; 
and 

(e) optionally dideoxynucleotides , optionally ddATP 
being replaced by a ddATP analogue which is 
capable of acting as a substrate for a polymerase 
but incapable of acting as a substrate for a said 
PPi -detection enzyme. 

11- A kit as claimed in claim 10, for use with initial 
PCR amplification further comprising: 

(i) a pair of primers for PCR, at least one primer 
having means permitting immobilisation of said 
primer; 

(ii) a polymerase for PCR; and 

(iii) deoxynucleotides. 

12. A method or kit as claimed in any one of claims 1 
to 11, wherein the polymerase in the polymerase reaction 
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step is exonuclease deficient (excT) . 

13. A method or kit as claimed in any one of claims 1 
to 12, for use with a multiplicity of sample DNA 
sequences, wherein said DNA sequences are arranged in 
assay format on a solid surface. 
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